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Abstract Growth and physiological performance of

multipurpose tree species can be severely constrained

by low phosphorus (P) availability in highly weath-

ered soils. Limitations to plant growth are

accentuated by seasonal dry periods. The overall

objective of this study was to examine P fertilization

and irrigation effects on survival, growth, biomass

partitioning, foliar nutrients, intrinsic water-use effi-

ciency (WUE) indexed by d13C, Rhizobium

nodulation, and carbohydrate content as an indicator

of resprouting potential, of mimosa (Albizia julibris-

sin Durz.), a N2-fixing tree species being tested for

browse in agroforestry practices in south-central

USA. In a field experiment carried out during two

growing seasons near Booneville, Arkansas, USA,

mimosa had a strong growth response to irrigation.

The trial was arranged in a split plot design with three

replications with irrigation as main plot treatment and

P as sub-plot treatment. Mean total plant above-

ground biomass at the end of the second growing

season was 9.8 and 44.1 g plant-1 for the rainfed

treatment without and with 300 mm of irrigation

water, respectively. Placed P fertilization increased

mean total aboveground biomass from 19 g plant-1

for the 0-P treatment to 69 g plant-1 for the treatment

with 90 kg P ha-1 year-1. Similarly, irrigation con-

sistently increased stem basal diameter, total height,

survival, root, stem, foliar and total aboveground

biomass, and number of nodules per plant. Phospho-

rus fertilization increased basal diameter, and root and

stem biomass in both irrigation treatments, survival

and nodulation in the rainfed treatment, and foliar and

total aboveground biomass in the rainfed ?300 mm

irrigation treatment. There was a decrease of foliar

d13C suggesting that WUE decreased with P fertil-

ization. In a pot experiment, seedlings were subjected

to a factorial combination of two irrigation treatments

and six P levels in a randomized complete block

design. Irrigation increased basal diameter, root, stem,

foliar and total biomass, leaf area and nodulation,

whereas P fertilization (i.e., levels from 0 to 3.68 g

P kg-1 soil) had similar effect in all the above

variables except foliar biomass. Foliar P concentration

to obtain 90% of the maximum total plant biomass

(critical level) was estimated at 0.157%. Total non-

structural and water soluble carbohydrate, and starch

concentrations increased non-linearly with irrigation

and P addition suggesting impaired re-growth poten-

tial after defoliation of seedlings with reduced water

supply and at low soil P availability. Results of this

study indicated strong limitations for growth and

regrowth potential of mimosa on a highly weathered

soil with very low P availability and seasonal water
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content shortages. Placed (i.e., near the plant base)

application of P appeared to be a good strategy to

fertilize perennial woody plants.

Keywords Mimosa � Irrigation �
P nutrition � Stable carbon isotopes

Introduction

Growth and development of many tree species are

severely limited by nutrient shortages in highly

weathered soils. Available soil phosphorus (P) is

often very low in soils derived from geologically old

substrates in areas such as the southern and central

regions of the United States of America. Plant growth

is further constrained during seasonal dry periods.

Plants may respond to nutrient and water limitations

by adjusting nutrient and carbohydrate content (Gra-

ham et al. 1997), biomass accumulation and

partitioning (Cromer and Jarvis 1990), and

resource-use efficiencies (Ares and Fownes 2001).

Other responses may include changes in leaf mor-

phology (Castro-Dı́ez et al. 1997), nutrient resorption

(Ares and Gleason 2006), phenology (Sigurdsson

2001), and N2-fixation (Robson et al. 1981).

In this study, we examined growth, resource-use

and physiological responses of mimosa (Albizia

julibrissin Durz.) to irrigation and P fertilization in

central-western Arkansas, USA. Mimosa is a N2-

fixing, cold-tolerant tree species native to Asia which

has been commonly used in amenity plantations, and

for papermaking (Duke et al. 2003), medicinal

products (Ekenseair et al. 2006), and fodder because

of its high crude protein content (Burner et al. 2007).

In the southern USA, mimosa has been considered in

agroforestry practices as goat (Addlestone et al.

1998) and cattle browse (Bransby et al. 1992), and for

soil fertility improvement in permaculture systems

(Matta-Machado and Jordan 1995; Rhoades et al.

1997; Jordan 2004). Planting of mimosa should be

evaluated on a site-specific basis because it can

become invasive especially in riparian areas (Loe-

wenstein and Loewenstein 2005).

It is not known the extent to which soil water and

nutrients limit mimosa growth and survival in

marginal arable lands. Low P and seasonally low

soil water may reduce biomass production, and

impair physiological performance of mimosa. Under

limiting growth conditions, tree seedlings may

exhibit altered efficiency of resource utilization.

Thus, it is important to examine the relative strength

of soil water and nutrient limitations. Decreased

water supply can increase the ratio between net

photosynthesis and stomatal conductance (i.e., intrin-

sic water use efficiency; Ferrio et al. 2003) often

indexed by the stable carbon (C) composition (d13C)

of plant tissues (Ripullone et al. 2004). Thus, d13C in

plant tissues may be an integrated indicator of water

supply reduction (Choi et al. 2005), and be used to

infer possible effects of past soil water deficits on

plants. Several studies have addressed effects of

water stress and N additions on d13C (Clay et al.

2001; Lopes et al. 2004; Dercon et al. 2006) but there

is limited information for P and water.

The objectives of this study were to determine the

responses of mimosa to soil water and P additions in

terms of (1) survival (SUR), (2) plant size, (3)

biomass partitioning, (4) leaf area and morphology,

(5) intrinsic water-use efficiency, (6) carbohydrate

content as an indicator of re-sprouting potential, and

(7) Rhizobium nodulation. Toward these purposes, a

field and an outdoor pot experiment were conducted

in central-western Arkansas. In the field experiment,

mimosa responses to water and P additions (0 and ?)

were assessed. In the pot experiment, a range of P

additions to the soil allowed to develop biomass and

carbohydrate response functions, and derive P foliar

critical levels.

Materials and methods

The field experiment was conducted from February

2001 to October 2002 near Booneville, Arkansas,

USA (35.11�N, 93.95�W) at about 150 m above sea

level. The soil was a silt loam Fragiudult (Soil Survey

Staff 1992) of the Leadvale series. At 0–20 cm depth,

the soil had pH (1:2 soil:water) 5.3, 3 mg kg-1 of

initial extractable P, 0.01% K, 0.03% Ca, 0.01% Mg,

10 mg kg-1 S, 63 mg kg-1 Fe, 63 mg kg-1 Mn,

1 mg kg-1 Zn and 0.6 mg kg-1 Cu (extracted fol-

lowing the Mehlich 3 procedure and determined with

inductively coupled plasma emission spectrometry).

Total N determined by combustion using a LECO

CN-2000 analyzer (LECO Corporation, St Joseph,

MI) was 0.15%.
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The experimental site received blanket fertilization

in a single application of 137 kg ha-1 K as potash

and 10 kg S as MgSO4, and also 1,800 kg ha-1 of

CaCO3, and 700 kg ha-1 CaSO4 in February 2001 to

ameliorate nutrient and soil acidity constrains. The

target pH was 6.0–6.5 for the Leadvale soil, and the

target soil Ca and S were 0.12% and 12 mg kg-1,

respectively. Glyphosate (N-phosphono-methyl gly-

cine) herbicide was applied before the start of the

experiment. Mimosa seedlings from seed collected in

Oklahoma, USA, were grown in dibble tubes, and

their roots were inoculated with Rhizobium strains

(Liphatech, Milwaukee, WI, USA). Seedlings were

shovel-planted in March 19, 2001 at a spacing of

0.5 m 9 0.5 m. All plants were irrigated for several

weeks for proper establishment. Every plot contained

16 plants of which measurements were taken from the

interior four plants, unless otherwise noted. Plot

borders were 4 m apart.

Seedlings were subjected to a factorial combination

of two P-fertilization treatments (0 and 90 kg

P year-1) and two water- supply regimes. The P rate

was chosen with the intention to raise available soil P

to 100 mg kg-1 following the P sorption function for

the Leadvale soil (D. Brauer, personal communication,

2001). Phosphorus was applied as triple super phos-

phate placed at approximately 15-cm soil depth and

20 cm distance from the seedlings in March 2001. The

P application was repeated in March 2002. Water

supply regimes were rain-fed, and rain-fed plus

sprinkler irrigation three times a week from June to

October accounting for an additional 300 mm year-1

to keep soil water contents near field capacity. Water

for irrigation was pumped from a nearby pond. The

trial was arranged in a split plot design with three

replications with irrigation as main plot treatment and

P as sub-plot treatment. Volumetric soil water con-

tent was measured weekly from April to October

of 2001 and 2002 at 10- and 35-cm depth with a

Trime@-time domain reflectrometry (TDR) probe

(MESA Systems Co., Medfield, MA, USA) in one

irrigated and one non-irrigated plot per block (6 probes

in total).

Height and basal diameter of mimosa seedlings

were measured in November 2001 and before harvest

in October 2002. Aboveground plant biomass was

harvested in October 2002 and separated into stem

and foliage components. Plant portions were then

dried at 70�C until constant weight. Foliar samples

(including the entire bipinnately compound leaves)

were composited by pooling equal-mass subsamples

for each plot. Foliar N was determined by combustion

in a LECO FP428 analyzer. Phosphorus, K, Ca, Mg,

S, Fe, Mn, Zn, and Cu were analyzed by inductively

coupled plasma spectroscopy. Root systems of two

randomly selected plants per plot were excavated at

harvest to 1-m depths, and number of nodules per

plant (NOD) was counted. Fine roots were recovered

by sieving the soil with a 0.5-mm sieve. Root

biomass (RB) was recorded after roots were dried

at 70�C until constant weight. Dried foliar and root

(including both fine and coarse roots) samples were

finely reground, and analyzed for d13C at the

Environmental Stable Isotope laboratory of Duke

University, Durham, NC, USA by using a continu-

ous-flow mass spectrometer Finnigan MAT Delta

Plus XL (Finnigan MAT, Bremen, Germany). For

leaves, 36 samples were analyzed for d13C (three

plants per plot 9 two irrigation regimes 9 two P

addition treatments 9 three blocks). For roots, 12

samples were analyzed for d13C (one composite

sample per plot 9 two irrigation regimes 9 two P

addition treatment 9 three blocks). Replicated sam-

ples sent to test the repeatability of the d13C values

were very close (\ 0.01% difference).

A complementary outdoor plot experiment was

carried out from July 30, 2002 to October 10, 2002.

Mimosa seedlings of similar size were transplanted to

4.8-l pots filled with 80% Leadvale topsoil and 20%

perlite. The soil received the same amendments as the

field experiment. Seedlings were subjected to a

factorial combination of two irrigation treatments

(2.1 and 10.4 mm water day-1) and six P levels (0,

0.23, 0.46, 0.92, 1.84, and 3.68 g P kg-1 soil) with P

applied as triple super phosphate, in a randomized

complete block design with six replicates.

At harvest, roots, foliage and stems were sepa-

rated, and subsamples composited by plant were

placed in storage at -20�C for carbohydrate analysis.

Starch, total non-structural carbohydrates and water

soluble carbohydrates were analyzed as described

previously (Denison et al. 1990). Foliar nutrients

were determined as in the field experiment for 18

randomly selected plants. Leaf area was measured

with a Li-Cor LI-300A area meter (Li-Cor, Lincoln,

NE, USA). Leaf mass per unit leaf area, leaf area:

plant biomass ratio, and root:shoot biomass ratio

were recorded for each harvested plant.
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Weather data used to characterize the precipitation

and air temperature conditions during both the field

and pot experiment were from Booneville, AR. The

weather station is at approximately 7 km east of the

study site (National Oceanic, Atmospheric Adminis-

tration 2001, 2002).

Statistical analysis

For the field experiment, irrigation and P addition

effects on response variables were examined as a

split-plot mixed model (Littell et al. 1996) with

irrigation and P addition considered as fixed effects

and block as random effect. For the pot experiment,

we used a mixed model for a randomized complete

block design. The relationship between foliar P

concentration and TB was tested using segmented

linear regression (Ryan and Porth 2007). Simple

rectangular hyperbola functions were fitted to relate

root carbohydrates with P supply.

Results

Precipitation, air temperature and soil water

content

For the field experiment, precipitation during the April

to October growing season was 696 mm in 2001 and

720 mm in 2002. Mean air temperature was 10.8�C in

2001 and 11.1�C in 2002. Volumetric soil water

content during the growing season (April to October) at

the 10-cm depth averaged 22.8 mm-3 ± 1.5 in 2001,

and 24.7 mm-3 ± 0.9 in 2002 in the irrigation treat-

ment, and 18.4 mm-3 ± 1.6 in 2001 and 19.3 mm-3 ±

1.2 in 2002 in the non-irrigation treatment. At the

35-cm depth, volumetric water content in the irrigation

treatment was 29.7 mm-3 ± 1.8 in 2001 and

30.6 mm-3 ± 0.6 in 2002, and 25.0 mm-3 ± 1.6 in

2001 and 23.1 mm-3 ± 0.4 in 2002 in the non-

irrigation treatment. For the duration of the pot

experiment in 2002, precipitation was 230 mm and

mean air temperature was 22.2�C.

Field experiment

At the end of the first growing season, mimosa

seedlings subjected to irrigation had already greater

height and basal diameter (P \ 0.001 for both

variables) than seedlings without irrigation. Phospho-

rus fertilization increased basal diameter (P = 0.06)

but not height (P = 0.48).

At the end of the second growing season, total

aboveground biomass was on average 9.8 g plant-1

for the rainfed treatment and 44.1 g plant-1 for the

rainfed treatment plus 300 mm of irrigation water.

Fertilization with P also increased mean total above-

ground biomass from 19 g plant-1 for the 0-P

treatment to 69 g plant-1 in the 90 kg P year-1

treatment. At harvest, irrigation consistently

increased survival (P = 0.03), root, stem and foliar

biomass (P = 0.02, 0.001 and 0.0001, respectively),

and total aboveground biomass (P \ 0.001; Table 1).

Phosphorus addition increased root biomass

(P = 0.06) and shoot biomass (P \ 0.001) in both

irrigation treatments, survival (P = 0.04) and number

of nodules per plant (P = 0.02) in the rainfed

treatment, and foliar biomass (P \ 0.001) and total

aboveground biomass (P \ 0.001) in the rain-

fed ? 300 mm irrigation treatment. The interaction

of irrigation and P fertilization had a significant effect

on stem, foliar and total biomass (P \ 0.001 for all

Table 1 Mean tree survival, biomass, biomass and nodule count of eighteen-month old Albizia julibrissim seedlings subjected to

irrigation (IRR) and P fertilization in a field experiment in Booneville, USA

IRR mm Added P kg ha-1 SUR (%) RB (g plant-1) SB (g plant-1) FB (g plant-1) TAB (g plant-1) NOD

(n per plant)

0 0 52 ± 16b 25.6 ± 5.1b 5.4 ± 1.5b 3.8 ± 1.0a 9.3 ± 1.8a 80 ± 22b

180 71 ± 15a 36.3 ± 16.8a 6.3 ± 1.6a 3.7 ± 2.5a 10.0 ± 1.7a 133 ± 50a

300 0 90 ± 10A 133.2 ± 63B 10.0 ± 3.2B 9.2 ± 2.8B 19.2 ± 4.4B 217 ± 58A

180 92 ± 6A 294.0 ± 82A 37.3 ± 6.2A 31.7 ± 4.4A 69.0 ± 10.0A 212 ± 57A

Values are mean ± one SE of the mean. For a given IRR, means for P addition treatments followed by the same letter do not differ at

P B 0.05. SUR survival, RB root biomass, SB stem biomass, FB foliage biomass, TAB total aboveground biomass, NOD number of

nodules per plant
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these interactions) indicating a better effect of P on

these variables with irrigation. Number of nodules

was positively correlated to root biomass (r2 = 0.79,

P = 0.01), stem biomass (r2 = 0.63, P = 0.02),

foliar biomass (r2 = 0.66, P = 0.02) and total

aboveground biomass (r2 = 0.64, P = 0.02).

Irrigation increased foliar Mg concentration

(range = 0.15–0.32%) in the 0-P treatment at the

final harvest (P = 0.03). Phosphorus addition

increased foliar concentrations of P (range = 0.12–

0.19%) in both irrigation treatments (P = 0.04) and

Mg (range = 0.28–0.42%) in the rainfed treatment

(P = 0.04). The interaction of irrigation and P

fertilization had a significant effect on foliar Mg

concentration (P = 0.02). No other foliar nutrients

were affected by irrigation or P fertilization. Phos-

phorus addition decreased leaf d13C (i.e., more

negative values; P = 0.02; Table 2).

Pot experiment

Irrigation increased basal diameter (P = 0.002), root

biomass (P \ 0.0001), stem biomass (P \ 0.0001),

foliar biomass (P = 0.003), total biomass

(P \ 0.0001), leaf area (P \ 0.0001), and number

of nodules (P \ 0.0001; Table 3). Phosphorus addi-

tion increased basal diameter (P = 0.05), root

biomass (P = 0.004), stem biomass (P = 0.04), total

biomass (P = 0.003), leaf area (P = 0.01), and

number of nodules (P = 0.07). The interaction of

irrigation and P was only significant for stem

biomass. Irrigation and P addition did not affect

specific leaf mass, leaf area ratio and root:shoot ratio

(data not shown). Number of nodules per plant was

positively correlated to root biomass (r2 = 0.67,

P = 0.001), stem biomass (r2 = 0.55, P = 0.01),

foliar biomass (r2 = 0.62, P = 0.001) and total

aboveground biomass (r2 = 0.66, P = 0.001).

Phosphorus addition only increased foliar P con-

tent (P = 0.01). The leaf P critical level to obtain

90% of the maximum total plant biomass was 0.157%

(Fig. 1). We were unable to determine the soil P

critical level because of the large data variability but

Table 2 Mean root and foliar d13C of 18-month Albizia juli-
brissim seedlings subjected to irrigation (IRR) and P

fertilization in a field experiment in Booneville, USA

IRR

(mm)

Added P

(kg ha-1)

Foliar d13C %
(n = 36)

Root d13C %
(n = 12)

0 0 -27.6 ± 0.45 a -28.1 ± 0.31 a

180 -28.4 ± 0.32 b -28.8 ± 0.51 a

300 0 -27.2 ± 0.44 A -27.2 ± 0.37 A

180 -28.5 ± 0.34 B -28.4 ± 0.37 A

Values are mean ± one SE of the mean. For a given IRR,

mean d13C values for P addition treatments followed by the

same letter in columns do not differ at P B 0.05

Table 3 Mean tree basal diameter, height, component and total biomass, leaf area, and nodule count of Albizia julibrissim seedlings

subjected to irrigation (IRR) and P fertilization in a pot experiment in Booneville, USA

IRR

(cm3 day-1)

Added P

(g kg-1)

BD (mm) HT (cm) RB

(g plant-1)

SB

(g plant-1)

FB

(g plant-1)

TB

(g plant-1)

LA

(cm2 plant-1)

NOD

(n per plant)

2.1 0 4.2 ± 0.5 49.7 ± 2.3 6.6 ± 1.2 2.6 ± 0.5 1.4 ± 0.3 10.5 ± 2.0 216 ± 60 25.0 ± 7

0.23 3.9 ± 0.4 46.7 ± 3.5 5.2 ± 0.5 2.2 ± 0.5 1.9 ± 0.9 9.3 ± 1.8 255 ± 38 42.3 ± 3

0.46 4.1 ± 0.2 53.0 ± 5.2 6.7 ± 1.7 2.8 ± 0.7 1.8 ± 0.7 11.1 ± 2.9 305 ± 91 46.0 ± 13

0.92 3.9 ± 0.4 52.0 ± 3.5 7.6 ± 1.5 2.6 ± 0.5 1.7 ± 0.4 11.8 ± 2.0 349 ± 87 53.0 ± 24

1.84 4.8 ± 0.4 54.4 ± 2.6 8.0 ± 1.7 2.9 ± 0.6 2.2 ± 0.5 13.1 ± 2.8 377 ± 104 57.3 ± 11

3.68 4.4 ± 0.2 50.0 ± 4.2 8.9 ± 0.4 2.8 ± 0.4 2.2 ± 0.5 13.9 ± 1.0 301 ± 35 62.7 ± 3

10.4 0 3.9 ± 0.4 49.3 ± 2.0 6.2 ± 2.0 3.4 ± 0.4 1.6 ± 0.7 11.2 ± 2.1 286 ± 79 49.7 ± 12

0.23 4.4 ± 0.6 42.7 ± 2.2 9.3 ± 0.4 3.6 ± 0.1 2.1 ± 0.1 15.0 ± 0.6 408 ± 60 142.3 ± 43

0.46 6.2 ± 0.2 55.7 ± 4.2 15.1 ± 1.6 5.6 ± 0.3 3.4 ± 0.4 24.0 ± 2.2 549 ± 126 147.0 ± 37

0.92 5.5 ± 0.4 48.7 ± 2.8 16.3 ± 1.0 5.8 ± 0.4 3.5 ± 0.5 25.6 ± 1.1 739 ± 65 149.3 ± 44

1.84 4.6 ± 0.5 51.0 ± 1.5 15.6 ± 4.3 5.8 ± 1.2 3.7 ± 1.0 25.0 ± 6.2 669 ± 137 149.3 ± 45

3.68 5.4 ± 0.4 55.3 ± 4.1 18.6 ± 2.3 7.2 ± 0.7 4.7 ± 1.1 30.5 ± 2.6 662 ± 77 226.0 ± 76

Values are mean ± one standard error of the mean. BD basal diameter; HT height, RB root biomass, SB stem biomass, FB foliage

biomass, TB total biomass, LA leaf area, NOD number of nodules per plant
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data suggested that soil P critical level for mimosa in

the Leadvale soil could be around 17 mg kg-1.

Root total non-structural and water-soluble carbo-

hydrates, and starch concentrations increased non-

linearly with irrigation and P addition (P \ 0.0001 in

all cases; Fig. 2). The interaction of irrigation and P

fertilization was significant for total non-structural

carbohydrates and starch (P \ 0.001). Stem carbo-

hydrate concentrations were not affected by irrigation

and P addition varying between 8.3 and 12.1% for

total-non structural carbohydrates, 1 and 2.3%

for water-soluble carbohydrates, and 6.5 and 10.3%

for starch.

Discussion

In the field experiment, the response to irrigation was

already noticed at the end of the first growing season,

whereas response to placed P additions fully devel-

oped during the second season. A delayed response in

crop growth to P fertilization is often found compared

with faster responses for other nutrients such as

nitrogen (Weil 2000; Gökkaya et al. 2006). The

positive affect of added P on nodulation agreed with

previous research showing increased nodule number

after P fertilization in N2-fixing tree species such as

Leucaena (Sanginga et al. 1991). In addition, to

increase P foliar content, P additions appeared to

increase Mg uptake of mimosa plants.

Phosphorus addition appeared to decrease intrinsic

water-use efficiency in both irrigation treatments as

indicated by decreased leaf d13C although there were

Foliar P concentration (%)
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Fig. 1 Total biomass (TB) of Albizia julibrissim seedlings in

relation to foliar P concentration in a pot experiment in

Booneville, AR, USA. TB = -34.12 ? 400.95 Foliar P (%) if

foliar P B 0.165%, TB = 32.2 g if foliar P [ 0.165%;

Radj
2 (for the whole segmented model) = 0.76. Data correspond

to the high water supply treatment (10.4 mm water day-1)

Fig. 2 Total non-structural (TNC, a) and water soluble

carbohydrate (WSC, b), and starch (ST, c) concentrations in

roots of Albizia julibrissim seedlings subjected to irrigation and

P additions in a pot experiment in Booneville, AR, USA.

Simple rectangular hyperbola functions were fitted for both low

(LW) and high (HW) water supply to relate carbohydrate

concentrations to P added to the soil (Padded, g kg-1). TNC

(LW) = 9.34 Padded/(0.11 ? Padded), Percent explained variance

(PEV) = 95.8; TNC (HW) = 14.34 Padded/(0.18 ? Padded),

PEV = 94.5; WSC (LW) = 2.26 Padded/(0.12 ? Padded),

PEV = 93.9; WSC(HW) = 2.75 Padded/(0.05 ? Padded),

PEV = 94.6; ST (LW) = 6.88 Padded/(0.07 ? Padded),

PEV = 92.3; ST (HW) = 12.02 Padded/(0.19 ? Padded),

PEV = 93.3
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no significant differences for root d13C for which

fewer samples were analyzed. The similar trends in

d13C in leaf and roots indicated that in these young

plants the same source of assimilated C constituted

both aboveground and belowground tissues. Given

the lack of CO2 assimilation and stomatal conduc-

tance measurements in this study, it is difficult to

suggest potential causes for the decrease in intrinsic-

water use efficiency with P additions. Enhanced P

nutrition has been found to increase net CO2 assim-

ilation rates in tree species (Ben Brahin et al. 1996;

Loustau et al. 1999), although no relationships

(Conroy et al. 1990; Warren and Adams 2002) or

even a negative one (Mulligan 1989) have been

determined. In a study with four rainforest tree

species, increased foliar P increased net CO2 assim-

ilation in the subcanopy tree Quintinia acutifolia

Kirk, but there was no P effect on the other species

(Tissue et al. 2005). In this study, it was unlikely that

photosynthesis of mimosa plants would have

decreased in response to P additions given the strong

positive growth response. One possible explanation

for the results from the field study is that stomatal

conductance increased proportionately more than

photosynthesis, leading to higher rates of transpira-

tion. Higher transpirations rates and lower intrinsic

WUE could have been also caused by increased root

hydraulic conductivity in the P fertilization treatment.

In the pot experiment, there were also positive

responses to irrigation and P additions. Phosphorus

addition increased foliar P and a foliar P critical level

of 0.157% was derived. Irrigation and P addition did

not affect specific leaf mass similar to findings for

Pinus pinaster (Ben Brahin et al. 1996) although

specific leaf mass increased in Eucalyptus grandis

(Kirschbaum et al. 1992). Also P addition did not

increase root:shoot ratio contrary to findings for

Pinus serotina (Topa and Cheeseman 1992).

It is generally accepted that plant carbohydrates

are utilized to initiate growth after a dormant period

or defoliation (Ball et al. 1991; Gleason and Ares

2004). The strong effect of irrigation and P on root

carbohydrates suggested that regrowth potential of

mimosa after browsing would be impaired in plants

with reduced water supply and soil P. Concentrations

of carbohydrates increased sharply at relatively low

levels of applied P (i.e., 1 g kg-1 soil) to a soil with

very low P availability and further increases in

applied P had little if any affect on carbohydrate

levels. Root carbohydrate concentration has been

shown to increase to a maximum level with increas-

ing P supply and then to decrease at saturating P

concentrations (Amijee et al. 1990).

The results of this study indicated strong limita-

tions for growth and regrowth potential of a

multipurpose tree such as mimosa on a highly

weathered soil with very low P availability and

seasonal water content shortages. Placed (i.e., near

the plant base) application of P appeared to be a good

strategy to fertilize perennial woody plants. Given the

limitations for mimosa in central-western Arkansas,

native woody species such as black locust may be a

better alternative for browsing in agroforestry prac-

tices (Burner et al. 2005).
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